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ABSTRACT
Facies Architecture and Provenance of the Highly Progradational, Fluvial Dominated Deltaic
Depositional System of the Cretaceous Nanushuk Formation
on the North Slope of Alaska
Sarah N. Naone
Department of Geological Sciences, BYU
Master of Science
The Cretaceous Nanushuk Formation of northern Alaska records extremely rapid
shoreline progradation across the Colville Basin during the Albian-Cenomanian epochs.
Additionally, it records a period of tectonic realignment in the region, as the main sediment
source began to transition from the Chukotkan orogeny to the west to a more local sediment
source of the proximal Brooks Range to the south. Through detailed outcrop characterization and
3-D modeling of three exposed outcrops along the axial trend of the Colville Basin on the North
Slope and the Upper section of the Nanushuk, this study clarifies the relative timing of the early
Brookian orogenic uplift. Outcrop characterization also allows for a detailed description of
spatial and temporal distribution of deltaic facies associations within the Nanushuk Formation.
Previously these outcrops were hypothesized to represent dominantly shoreface depositional
processes, but field studies indicate the Nanushuk Formation has a complex facies architecture
consistent with deltaic environments. This work has important significance for geometry
predictions for hydrocarbon exploration and development targeting the Nanushuk sands as a
reservoir unit. This new interpretation of both dominant sedimentary process and provenance has
implications for 1) reservoir architecture and connectivity, and 2) textural and compositional
maturity of Nanushuk sandstones, an emerging hydrocarbon play along the North Slope of
Alaska.
A detailed mineralogical analysis of 50 samples, coming from the three key outcrops and
two additional outcrops from previous studies, using TESCAN Integrated Mineral Analyzer
(TIMA), an automated system that utilizes Scanning Electron Microscopy (SEM), shows
increased amounts of chromite and biotite associated with key outcrops proximal to the Brooks
Range. Chromite mass weight percent ranges from 0.00 % to 0.15 % across five outcrops, with
Tuktu Bluff, which is proximal to the Brookian orogenic front having weight percentages that
range from 0.01 % to 0.15 % with an average of 0.06 %, in contrast to the other outcrops, which
range from 0.00 % to 0.03 % with an average of 0.01 %. In contrast, non-diagnostic elements
such as quartz do not show meaningful variance, ranging from 42.66 % to 93.78 % across all
outcrops, with proximal outcrop showing an average of 60.64 % while the rest of the outcrops
have an average of 64.36 %. Substantial localized enrichment in both chromite and biotite found
within outcrops of the Nanushuk Formation at the Tuktu Bluff locality support subaerial
exposure of the Brooks Range within the Albian-Cenomanian epochs. The non-uniform
distribution of these minerals on both a strike and dip direction show that uplift was non-uniform
and suggest specific point sources dominated Brookian input. A better understanding of these
patterns will help to focus exploration in areas of best potential reservoir quality.
Measured sections and 3-d models were created to better understand the depositional
architecture and how the deltaic influence in this highly progradational system affects the

reservoir geometries. In all three outcrops of interest along the axial trend and higher up in the
Nanushuk section, we observed current ripples, lensoidal geometries, low angle trough cross
bedding, scoured bases, and wood chunks and pebble lags at channel basses, all of which, are
consistent with fluvial dominated deltas. Deltaic deposition complicates predicting the geometry
of the reservoir away from outcrop control with lateral avulsions of the delta system and laterally
changing distributary channels. At Ninuluk, Kanayut, and Rooftop Ridge, distributary and
interdistributary channels comprise approximately 19.5 %, 23.5 % and 20.36 % of the outcrop,
respectively. Overall, net to gross sand ratios of 38.69 %, 66.54 % and 55.47 % were calculates
at Ninuluk, Kanayut, and Rooftop Ridge, respectively. If assuming the sands in the net to gross
are the reservoir rock, then approximately half of the reservoir rocks at each outcrop are in
distributary channel settings which adds to the complexity of facies prediction away from the
control outcrops.

Keywords: Nanushuk Formation, facies prediction, reservoir quality, delta, 3-D modeling
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Introduction
The Cretaceous Nanushuk Formation, located in the Colville Basin on the North Slope of
Alaska (Figure 1), has been a target of recent, renewed interest due to hydrocarbon exploration
success in the basin. It records rapid progradation of deltaic and shoreline facies eastward, filling
much of the synclinal (flexural) Colville Basin axially parallel to the emerging Brooks Range
(Figure 1; Ahlbrandt et al., 1979; Lepain et al, 2009; Houseknecht et al., 2011; Huffman et al.,
1988; Moore et al., 2015). Basinward, the middle Albian to late Cenomanian Nanushuk
Formation transitions into the slope turbidite strata of the Torok Formation (Figure 2, Lepain et
al., 2009), also exposed in the field area. Previous studies show that the dominant sediment
source at the time was the Chukotkan orogeny to the west (Houseknecht et al., 2009); some
researchers suggest that the early Brooks Range could be a secondary, more proximal sediment
source (Moore et al., 2015; Hoiland, 2019; Till, 1992).
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Figure 1: Map of the North Slope of Alaska with outcrops identified. Remnant ophiolites currently exposed
marked to the west of the field area.
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Figure 2: Generalized stratigraphic column modified from Lepain et al., 2009. The Nanushuk Formation is bound
below and laterally by the Torok Formation, a coeval slope turbidite, and unconformably bound above by the
Seabee Formation consisting of turbidite sands and offshore to deep water shales (Decker, 2007).

The Nanushuk Formation has been studied by previous researchers both in outcrop and in
the subsurface (Houseknecht et al., 2009; Houseknecht et al., 2011; Lepain et al., 2009) and has
long been identified as a potential productive hydrocarbon target. The Umiat Field was
discovered by federal investigation with the drilling of 11 wells to investigate oil seeps at the
base of the Umiat Mountain between 1944 and 1953 (Shimer, 2014).

3

Work during the summer of 2019 by Smoot (2021) identified the dominance of the
following deltaic depofacies in key outcrops of the Cretaceous Nanushuk Formation: offshore,
lower shoreface, upper shoreface, prodelta, distal delta front, proximal delta front, delta mouth
bar, distributary channel, and delta plain (Smoot, 2021). For this study, five outcrops were
examined in detail to build on this work (Figure 3). In addition, thin sections were analyzed in
detail using TESCAN Integrated Mineral Analyzer (TIMA) methodology to better characterize
the detailed mineralogy of the Nanushuk Formation along the outcrop trend. Using statistical
methods to analyze results, this project presents important new insights regarding the provenance
of the Nanushuk strata, further constraining the tectonic history of the early Brooks Range and its
relative contribution to the sedimentary fill of the Colville Basin during the Cretaceous Period.

Figure 3: Geologic map, modified from Lepain et al., 2009, of the outcrops of interest on the North Slope of
Alaska. 1. Ninuluk Bluff 2. Rooftop Ridge 3. Arc Mountain 4. Kanayut 5. Tuktu Bluff.
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Background
Geologic History
The tectonic history of the Colville Basin began during the Carboniferous with the
development of an eastward-facing passive continental margin that progressed during the Middle
Jurassic into an arc-continent collision (Roeder and Mull, 1978; Harris, 2004). Subduction
rollback caused the trench east of the Koyukuk Arc (KA) to migrate eastward until it collided
with the Arctic Alaska Chukotka Microcontinent (AACM) (Blakey, 2021). This collision caused
ophiolite obduction (Harris, 1998) and a reverse in polarity of subduction, so that westward
subduction in the Middle Jurassic (170 Ma) transitioned into eastward subduction in the Early
Cretaceous (140 Ma) (Blakey, 2021) (Figure 4).

Figure 4: (A) Paleoreconstruction of the Middle Jurassic (~170 Ma) AACM passive continental margin. (B)
the Early Cretaceous (~140 Ma) arc-continent collision and polarity reversal of the subduction zone from
westward to eastward (modified from Blakey, 2021). Area of interest outline in red.
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The Colville Foreland Basin, within which strata of the Nanushuk Formation were
deposited, formed adjacent to the Brooks Range, a collisional fold and thrust belt. It is bound in
the north by the Barrow Arch (Biasi, 2020; Cole et al., 1997; Lepain et al., 2009). Nanushuk
strata were then rapidly deposited in an asymmetrical syncline in the Colville Basin during
Albian-Cenomanian time. Northern Alaska was connected to the Chukotkan region of Russia
during this time, which allowed for sediment transport from the Chukotkan orogeny into the
Colville Basin (Blakey, 2021, Figure 5). The Chukotka has a clear, distinguishable zircon
signature, which has been seen throughout the Nanushuk (Lease et al., 2022; Moore et al., 2014;
Amato et al., 2009). An updated depositional model is proposed in which sediment supply for the
Nanushuk came from both the Chukotka Peninsula and the Brooks Range (Moore et al., 2014;
Lease et al., 2022). The addition of channels feeding from the Brooks Range allows sediment
from both sources to be present, based on detailed mineralogical data from this study.

6

Figure 5: Paleogeographic map of the Northern Slope of Alaska during the Middle Cretaceous (Albian ~110
Ma), modified from Blakey, 2021.

Stratigraphy
The Nanushuk Formation is Albian – Cenomanian (~ 112 – 93.5 Ma) from pelecypods,
gastropods, and ammonites found at Tuktu Bluff (Imlay, 1961; Mull et al., 2003). Deposition of
the Nanushuk Formation is constrained to the Colville Basin (Lepain et al., 2009). It ranges in
thickness from a zero edge in the east Colville Basin, up to 2,750 m in the west Colville Basin
(Fiorillo et al., 2010). It is named for Nanushuk River, along which the type locality is found
(Schrader, 1902). It is found in the subsurface in the Umiat, Pikka/Horseshoe, and Willow fields
(Figure 6). This study focuses specifically on the Nanushuk in outcrops of interest proximal to
the Brooks Range thrust front. The Nanushuk Formation is bound below and laterally by the
Torok Formation. The underlying Torok Formation is a slope turbidite equivalent that laterally
transitions gradationally into the Nanushuk Formation. The Seabee Formation unconformably
overlies the Nanushuk above with a distinct pebble lag marking the transition from deltaic to
fluvial beds (Figure 7).
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Figure 6: Map of Nanushuk and Torok discoveries (red dashed ovals) on the North Slope of Alaska,
modified from Decker, 2018. These discoveries include the Willow and Pikka/Horseshoe fields. Yellow stars
are wells producing from the Nanushuk. Green polygons are prospective areas for Nanushuk and Torok
exploration.

Figure 7: Pebble lag from the Seabee Formation unconformably bounding the Nanushuk above at Ninuluk Bluff.

Production History
The Nanushuk Formation lies in the National Petroleum Reserve in Alaska (NPRA). Oil
was produced from the Nanushuk Formation at the Umiat field from 1944 to 1953 (Figure 8;
Shimer, 2014). Eleven wells were drilled at Umiat, seven of which produced oil from sandstones
in the Nanushuk (Shimer, 2014). Approximately 40 bbl. of oil were recovered before 1953
(Shimer, 2014). Complications such as interactions between rock, permafrost, and freshwater
8

drilling fluids, affected the ability of certain wells to produce oil (Shimer, 2014). Most of the oil
from this time interval came from the upper Grandstand sandstone in the Nanushuk Formation
(Shimer, 2014).

Figure 8: Map showing the location of Umiat, where the Nanushuk Formation has previously been drilled,
on the North Slope of Alaska. Red circles are outcrops of this study. Labels: N – Ninuluk Bluff, T – Tuktu
Bluff, K – Kanayut, R – Rooftop Ridge, A – Arc Mountain (modified from Shimer, 2014).

Methods
Measured Sections
The Nanushuk Formation is exposed along the northern flank of the Brooks Range and
can be found west in the NPRA and to the east where it is interpreted to end at the eastern extent
of the Barrow Arch (Schrader, 1902). Rooftop Ridge, Kanayut and Ninuluk Bluff (Figure 3) are
all exposed along river cuts (Figure 9) and steep escarpments which expose the strata along
anticlinal folds associated with the Brooks Range orogeny (Figure 1). Measured sections were
drafted by hand in the field, then transposed and finalized in Adobe Illustrator. Sections were
9

measured using a Jacob’s Staff and recorded the following observations: thickness, lithologic
features, grain size, sedimentary structures, bioturbation index, picture locations, sample
locations and general field notes of the outcrops (Figure 10). Aerial photos of the outcrops were
taken using a DJI Phantom 4+ drone to serve as a basis for detailed photogrammetric modeling,
which allowed for accurate measurement of architectural elements and extrapolation of facies
interpretation away from the measured sections.

Figure 9 : Southern facing exposure of the Nanushuk Formation at Rooftop Ridge, approximately 740
meters long, with steeply dipping beds, that has been exposed through river cuts along the Nanushuk
River.
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Figure 10: Measured section facies swatches, modified from the standard USGS AI pack (USGS, 2006).
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Figure 11: Stratigraphic column sedimentary structure legend, modified from Smoot, 2021.
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Figure 12: Example of finalized measured section from Rooftop Ridge in meters.

Gamma Ray Spectrometry
The RS-125/30 scintillometer by Radiation Solutions INC, was used to gather data, at
every 0.5 meter to 2.0 meters, to produce a pseudo gamma-ray curve, allowing more direct
comparison of outcrops to nearby logged exploration wells for future work. The scintillometer,
held against a fresh surface of the rock for 30 seconds, measured the amount of radioactivity
within the rocks based on amounts of Potassium (K) (%), Thorium (Th) (ppm) and Uranium (U)
(ppm) present. Pseudo gamma-ray curves (API) were calculated using Equation 1.
Equation 1: 𝑨𝑨𝑨𝑨𝑨𝑨 = (𝟏𝟏𝟏𝟏. 𝟔𝟔 ∗ 𝑲𝑲) + (𝟖𝟖. 𝟏𝟏 ∗ 𝑼𝑼) + (𝟒𝟒 ∗ 𝑻𝑻𝑻𝑻)
Thin Section Petrography
Thin-section petrography was used to analyze 50 samples from all key outcrops of the
Nanushuk Formation (Table 1 and 2). Thin sections (27 x 46 mm) in 25 mm epoxy were
analyzed at the Automated Mineralogy Facility at the Colorado School of Mines using their
established standard operating procedures. The Automated Mineralogy Facility provided an
extensive set of data to quantify important variables to determine sandstone provenance. The
data sets include mineralogical and textural data and mineral maps using assigned false colors.
Histograms were constructed with the mineralogical data (which represented the weight
percentage of the minerals) as well as quartz, feldspar (plagioclase and K-feldspar), and lithics
ternary diagrams. The TESCAN Integrated Mineral Analyzer (TIMA) is a fully automated
SEM-based analysis system that was used to provide mineralogical and textural data through
automated point counting. TIMA uses four energy dispersive X-ray spectrometers (EDS) in its
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electron beam platform to identify minerals and compounds in a vast scope of sample types.
TIMA uses a user-defined pixel resolution for automated stepping of the electron beam. For each
individual pixel, a backscatter electron (BSE) signal and an EDS spectrum are collected. From
the BSE value and the intensity of the elements, minerals or phases are identified. For more
detail on methodology, refer to Pauly et al., 2021.

15

Table 1: Thin section data with percentages of quartz, feldspars, and lithics displayed.
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Table 2: Thin section data with chromite and biotite percentages listed.
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Mineralogical data were reported in raw table form with specific mineral maps associated
with each sample (Appendix B). Specific mineral weight percentages were further analyzed from
the raw data based on Brookian and Chukotka mineralogy, weathering effects, and percentages
of the samples. Out of the total mineral suite, the following seven minerals were selected for
further analysis: quartz, plagioclase, potassium feldspar, muscovite, clay minerals, biotite, and
chromite. The rest of the mineral information from the mineral suite was lumped into “other.”
Custom coding workflows in Python were used to process the dataset derived from TIMA
analysis, with a focus on characterizing mineral group abundances and relationships between key
indicator minerals.

3-D Modeling
Virtual 3-D outcrops were created in Agisoft photogrammetric software from over 1000
aerial images taken in the field by a DJI Phantom 4+ drone. Picture and sample locations were
added after the model was initially constructed. The detailed photogrammetric modeling allowed
for accurate measurement of architectural elements and facies designation away from the
measured sections. After the virtual outcrops were constructed in Agisoft, depositional facies
were interpreted away from the measured section within the photogrammetric model. The
photogrammetric model at Ninuluk Bluff was then exported into Schlumberger’s Petrel
geological modeling software and a static geocellular model was constructed to build a static
facies model in three dimensions based on outcrop control.
Petrel 3-D modeling allows for the facies distributions and architecture that was
interpreted from outcrop to be modeled away from the outcrop control points. The measured
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sections are a one-dimensional view of the Nanushuk, the Agisoft photogrammetric modeling
transforms the perspective of the Nanushuk from one-dimensional to two-dimensional. Petrel 3D modeling allows us to view the outcrop data in three-dimensional space. This research serves
as the basis for the Petrel modeling which will be done in the future to fully understand the
distribution of these facies and reservoir architecture throughout the Colville Basin (Figure 11).

19

Figure 13: Arc Mountain Petrel facies model showing the Nanushuk in three-dimensional space modified
from Smoot et al., 2021. Upper figure is a continuous facies model. Lower figure is a fenced facies model
showing internal detail.
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Results
Provenance
Based on previous research (Moore et al., 2014; Lease et al., 2022; Craddock et al., 2018)
and preliminary screening of results, chromite and biotite were identified as key minerals
indicative of a Brookian provenance. From paleocurrents taken by the USGS and the state survey
(Lease et al., 2022, Moore et al., 2014), some outcrops closer to the Brooks Range could provide
evidence for a new depositional model. Chromite is a specific mineral found in the Brooks
Range due to the presence of Late Jurassic to Early Cretaceous ophiolites (Harris, 2004). The
presence of chromite in the Nanushuk, specifically at Tuktu Bluff, is evidence for Brookian
sediment input. Chromite can also be found in ophiolites from the Chukotka (Sokolov et al.,
2003), but chromite trends indicate Brookian influence. Biotite was chosen as a key provenance
indicator as it is less resistant to erosion during transport. Increased amounts of biotite basinward
could prove the addition of new sediment from the much more proximal Brooks Range.
Histograms and a ternary diagram of the mineralogy were created to show the spatial and
temporal distribution of biotite and chromite mineralogy. Finally, quartz content was analyzed
using QFL stacked bar plots and ternary diagrams to examine compositional maturity, offering
additional clues to sediment source proximity.
It has been shown by previous authors that the majority of Cretaceous sedimentary fill
within the Colville Basin is sourced from the Chukotkan orogeny to the west (Craddock et al.,
2018). To better understand any potential sediment influx from the proximal Brooks Range,
detailed petrography of 50 samples from the Nanushuk Formation were analyzed using TIMA
analysis, focused on mineral composition of deltaic sandstones from the field area. Quartz-
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Feldspar-Lithic (QFL) normalized ratios were examined across the field area, along with
abundance of key minor components indicative of provenance in this sedimentary system.
Chromite is found in all outcrops with elevated percentages at Tuktu Bluff relative to the
other outcrops (Figure 12). The mean for chromite at all outcrops is 0.02 % with the mean at
Tuktu Bluff being 0.06 %. The mean for all outcrops, excluding Tuktu Bluff, is 0.01 %.

Figure 14: Chromite percentages found in the five key spatial outcrops with stratigraphic up to the right.

Biotite concentrations within the sample suite vary from less than 1% to above 10%,
showing significant variability (Figure 13). It has been documented in other systems (Johnsson
and Sokol, 1998) that the relative abundance of biotite decreases with increasing distance from
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the sediment source as it is preferentially weathered in comparison to quartz and other more
resistant minerals. Spatial trends within the sample suite do not show any significant basinward
trends, suggesting a local source of micas. Additionally, high amounts of biotite are hard to
explain with only a Chukotkan source terrain, which is over 500 km to the west at the time of
deposition (Miller et al., 2017). The mean for biotite across all outcrops is 4.13 % while the
mean at Tuktu Bluff is 6.40 %.

Figure 15: Biotite percentages found in the five key spatial outcrops with stratigraphic up to the right.

Quartz content was analyzed in QFL stacked bar plots (Figure 14) and ternary diagrams
(Figure 15). Figure 15 indicates that most of the sampled sandstones are immature at less than 80
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% quartz. There are four samples above the threshold of 80 % quartz, however three of these
four samples are from fluvial sandstones rather than deltaic depositional elements. Within the
remaining samples, Ninuluk Bluff sandstones appear to be the most mature and is the most
proximal outcrop to the Chukotkan source. The most immature suite of samples come from
Tuktu Bluff, while Kanayut, Rooftop, and Arc seem to fall in the 60% quartz trend.

Figure 16: QFL diagram found in the five key spatial outcrops with stratigraphic up to the right.
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Figure 17: QFL ternary diagram with outcrops coded by color.

Lithofacies
Ten lithofacies were delineated on the basis of grain size, sedimentary structures, and
bedding geometries. Facies schemes followed a modified version of Smoot et al., 2021. See
Table 3 for lithofacies definitions (Table 3).
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Table 3: Lithofacies distinctions determined by changes in grain size, sedimentary structures, and
geometries.
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Discussion
DEPOFACIES ASSOCIATIONS
Prodelta
A prodelta environment is the most distal marine section of the delta and will generally
have little to no preserved sedimentary structures, except for millimeter scale laminated muds
with uncommon diagenetic nodules. Prodeltaic intervals within the measured outcrops range
from 2.5-12.0 meters thick. Predominant grain size ranges from clay to silt, and nodular muds
are predominantly found in clay-rich zones. Lithofacies 1 is most represented in this depofacies.
Distal Delta Front
A distal delta front is the second most distal section of the delta. It is highly heterolithic
and is composed of marine shales like those seen in the prodelta interbedded with sands on a
variety of scales (Moslow et al., 1988). The sands are very fine to fine grained and two to ten
centimeters thick, with rare thicker sands up to one meter thick. The sands are occasionally
bioturbated with an index of one to two with most of the primary sedimentary structures being
preserved. Rare horizontal burrows are found, with occasional mud rip-ups found at the base of
some beds. Rare intact bivalves are found at the base of beds with millimeter scaled
carbonaceous flecks found throughout the sands. There are extremely rare larger (one to six cm)
wood chunks that appear in some of the thicker sands. Sandstones are rarely structureless, and
commonly exhibit planar lamination, ripple lamination and low angle trough cross stratification
(Figure 16). Lithofacies 1 and 3 comprise this depofacies.
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Figure 18: Picture N05, (Ninuluk Bluff, Figure 28), heterolithic sands ranging from two to five centimeters
with nodular muds between. Low angle troughs with ripple lamination to planar laminations are found in
the sands in this image.

Proximal Delta Front
A proximal delta front is marginal marine and relatively proximal in the system
compared to the distal delta front (Moslow et al., 1988). Sands are more common and coarser
grained compared to sands found in distal delta fronts. Grain size ranges from fine to fine to
medium sands, and trough cross bedding and wave dominated features, such as hummocks and
bidirectional currents, with rare burrows (Moslow et al., 1988). Strata interpreted as proximal
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delta front sandstones in the study area exhibit grain sizes ranging from upper fine to lower
medium, and preserved bed sets are 3.0-13.5 meters thick. The sedimentary structures found
include wave-dominated ripples, low-angle trough cross stratification (Figure 17), rip-up clasts
and pebble lags, one to three centimeters in size, and rare vertical burrows indicating a
bioturbation index of zero to one. The proximal sands also include rare chunks of wood and
carbonaceous flecks (Figure 18). Lithofacies 4a, 5 and 6 comprise this depofacies.

Figure 19: Picture N11, (Ninuluk Bluff, Figure 28), showing millimeter scale trough cross lamination.
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Figure 20: Picture RR32, (Rooftop Ridge, Figure 35), rare wood chunks at the base of a bed.

Mouthbar
Mouthbars are relatively proximal sections of the delta where a river or distributary
channel meets a standing body of water and sediment is rapidly deposited (Edmonds et al.,
2007). Fine-grained sandstone deposits within the Nanushuk Formation, range from 0.2-10.0
meters thick and commonly contain millimeter-scale carbonaceous flecks to wood chunks one to
five centimeters in size. In some areas, the wood chunks have been oxidized and appear rusty
(Figure 19). While many mouthbar sands are structureless, soft-sediment deformation is also
commonly observed. Both observations suggest rapid influx of sediment into a standing water
body. Rare low-angle troughs and trough laminations are found throughout. Occasional sparse
pebble lags and rip-up clasts ranging from one to three centimeters are found close to the bottom
of beds or at the base of beds. Lithofacies 10 is what usually comprises this depofacies.
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Figure 21: Picture N10, (Ninuluk Bluff, Figure 28), oxidized wood chunks ranging from one to five
centimeters in size found at the base of a bed 44 meters up.

Distributary Channel/Interdistributary Channel
A distributary channel/interdistributary channel is an environment in which sediment is
transported through multiple laterally avulsing channels from the main river system into the
ocean (Syvitski et al., 2005). Distributary channels/interdistributary channels are characterized in
the Nanushuk as having lensoidal geometries from one to five meters in thickness, with
commonly scoured bases and uncommon sole marks. Grain size ranges from upper fine to upper
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medium and beds/bed sets range in thickness from 0.2-1.0 meter. Carbonaceous flecks and wood
bits are found throughout the sands, most commonly near channel base. Occasional pebble lags
and rip up clasts are found, with clasts ranging from one to five centimeters in diameter.
Distributary channels commonly contain current dominated ripples with climbing ripples (Figure
20), forming trough and ripple cross bedding throughout. There is little to no bioturbation
observed, with a bioturbation index ranging from zero to one. Lithofacies 4b and 6 are the usual
facies seen in this depofacies.
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Figure 22: Picture K26, (Kanayut, Figure 31), asymmetrical unidirectional ripples representing
unidirectional flow from a current with a gently sloping side going left to right to the crest of the ripple with
a steep drop off to the right of the crest circled in red.

Interdistributary strata are more heterolithic, containing thin beds of sandstones 10 to 20
cm thick and mudstones 10 to 60 cm thick. Thin sands within the interdistributary facies
association commonly exhibit wave dominated ripples, trough cross bedding and carbonaceous
flecks. Lithofacies 3 and 4a comprise this depofacies.
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Floodplain
Floodplains are relatively proximal sections of the delta that are adjacent to the fluvial
settings and are commonly overrun during seasonal floods (Boggs, 2012). The floodplain
deposits in the Nanushuk sections contain 0.1-3.0 meters thick sands that are occasionally
heterolithic with very fine to fine sands with the muds being 10-30 centimeters thick. Many of
the floodplain sections appear orange and rusty which are interpreted as oxidized and indicate a
shallow environment. There is relatively more bioturbation in these areas, ranging on the index
from two to three. Carbonaceous flecks are found throughout and wood chunks ranging from
10.0-30.0 centimeters in length are found at the base of beds. Rip up casts ranging in size from
0.5-6 centimeters are sometimes found at the top of beds (Figure 21). Lithofacies 3 and 8
comprise this depofacies.
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Figure 23: Picture RR20, (Rooftop Ridge, Figure 35), of rip up casts at the top of a bed ranging in size from
half a centimeter to six centimeters.

Coastal Plain
A coastal plain is a proximal section of the delta and consists of abundant terrestrial
organic matter. The Nanushuk coastal plain strata is dominantly composed of carbonaceous shale
to coal (Figure 22). In the non-coal/carbonaceous shale sections there are occasional ripple and
trough cross-laminated sandstones which are 20 to 50 cm thick, but carbonaceous flecks
dominate throughout the sands and along bedding planes of the sands. Lithofacies 2 is most
represented in this depofacies.
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Figure 24: Picture N24, (Ninuluk Bluff, Figure 28), 80-centimeter-thick coal bed.

Fluvial
The fluvial sections are the most proximal portion of the delta and are a more landward
extension of the distributary channel facies association. Sandstones preserved in this setting are
coarser in grain size, ranging from medium to coarse sand. The sandstone beds/bed sets range in
thickness from 0.2-3.0 meters. Sandstones commonly exhibit larger pieces of wood ranging from
3.0-30.0 centimeters along the basal surface, showing high energy transport of woody material
within the tractional load (Figure 23). Lithofacies 4b and 6 comprise this depofacies.
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Figure 25: Picture K103, (Kanayut, Figure 35), base of a bed at Kanayut showing large pieces of wood.

OUTCROP CHARACTERIZATION
Ninuluk Bluff
Measured Section
Ninuluk Bluff is the most westward locality characterized as part of this study (Figure 3).
It is 250 meters thick with seven interpreted parasequences. Parasequences are defined as a
progradational stacking succession bound by a flooding event where more distal facies overlie
more proximal facies. We believe that the measured section encompasses an almost complete
section of the Nanushuk Formation, with transition seen into the Torok Formation near the base
and a clearly unconformable boundary with the Seabee Formation at the top. This suggests that
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the total preserved Nanushuk section here is relatively thin compared to Kanayut and Rooftop
ridge, which are respectively, 330 and 740 meters thick.
The parasequences at Ninuluk Bluff coarsen up with parasequence sets showing a highly
progradational stacking pattern, with the stacking pattern characterized by depositional
environments in Table 4. The section is more dominated by landward facies than others of the
study, with the cycle cap of the first parasequence being a distributary channel and the cycle cap
of the last parasequence being fluvial and the absence of prodelta facies (Figure 26, 27, 28, and
29). The thickest parasequence in this section is PS14 at 44 meters thick and includes fluvial
depofacies. The thinnest parasequence is PS1 at 8.6 meters thick and contains distal and
proximal delta fronts and thin distributary channels.
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Parasequences

Depositional Environment

PS1: 8.6 meters thick

DDF, PDF, DC

PS2: 32.2 meters thick

DDF, MB, DC, IDC

PS3: 24.2 meters thick

MB, IDC, DC, IDC

PS4: 20.2 meters thick

PDF, DC, IDC, DC

PS5: 21.5 meters thick

DDF, PDF

PS6: 35.4 meters thick

DDF, CP

PS7: 24.3 meters thick

DDF, PDF, DC

PS8: 40.8 meters thick

DDF, PDF, IDC, DC, FL

PS9: 44 meters thick

IDC, DC, FL

Table 4: Ninuluk Bluff parasequences with depositional facies identified. Depositional environments include
the following: distal delta front (DDF), proximal delta front (PDF), distributary channel (DC),
interdistributary channel (IDC), mouthbar (MB), coastal plain (CP), floodplain (FP), and fluvial (Fl).
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Figure 26: Ninuluk Bluff parasequences with depositional facies color coded. Ninuluk is approximately 250
meters thick, depositional facies blocks are not to scale.
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Figure 27: Measured section facies symbols, modified from the standard USGS AI pack (USGS, 2006).
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Figure 28: Stratigraphic column sedimentary structure legend, modified from Smoot, 2021.
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Figure 29: A: Lowest parasequence at Ninuluk Bluff showing the highest section in the parasequence as a
distributary channel.
B: Highest parasequence at Ninuluk Bluff showing the highest section in the parasequence being fluvial
showing the progradational stacking pattern higher throughout the section.

Ninuluk Bluff is located along the axial trend of the system compared to outcrops such as
Kanayut, Arc Mountain, Gunsight and Tuktu Bluff (Figure 3) and is exhibiting more fluvial
dominated processes with its highly prograding behavior. The fluvial-dominated processes are
supported with relatively coarser grained sediment at upper fine–medium-sized grains, pebble
lags, and current ripples (Figure 30).
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Figure 30: Picture N16, (Ninuluk Bluff, Figure 32), showing pebble lags.

The calculated net to gross ratio of sandstone to the rest of the outcrop for Ninuluk Bluff
is 38.69%. The net to gross ratio has two main uncertainties. Cover is assumed to be shale, and
Ninuluk Bluff is not as complete of a section as some of the other outcrops. Ninuluk Bluff is the
thinnest section measured and the base of the Nanushuk Formation at this outcrop was not found.
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The fluvial sections, which are dominantly sand, were excluded from the calculated net to gross
ratio.
3D Model
Agisoft photogrammetric models were created from over 1000 drone images.
Depositional facies were marked along the sections and nine coarsening up parasequences were
identified (Figure 28 and 29). Moving stratigraphically up the outcrop, the parasequences show
highly progradational behavior with more distal marine facies such as distal delta front and
proximal delta front towards the bottom with channelized feature from distributary channels and
fluvial sections representing shallower environments. The distributary and interdistributary
channels comprise approximately 19.5 % of the whole section and approximately 50.4 % of the
net to gross sands which are the assume reservoir rocks.
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Figure 31: Agisoft photogrammetric model of Ninuluk Bluff with picture and sample locations labeled.

Figure 32: Agisoft photogrammetric model of Ninuluk Bluff, with depositional facies, parasequence markers, pictures and sample locations
superimposed (See Figure 26 for color legend).
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Kanayut
Measured Section
Kanayut is the most structurally deformed section and is also relatively incomplete. The
base of the Nanushuk Formation was not found at Kanayut. This section is approximately 330
meters thick with seven parasequences identified. The parasequences were characterized by their
depositional environments in Table 5. Like Ninuluk Bluff, the parasequences coarsen up and
show a highly progradational system. Kanayut has a higher relative amount of distal facies
preserved with four prodelta depofacies when compared with Ninuluk Bluff which has zero
prodelta depofacies; the uppermost parasequences of the Nanushuk Formation are removed by
faulting, skewing the facies proportions of strata towards the lower, more distal facies dominated
parasequences. Kanayut’s lower parasequences have relatively thick intervals of prodelta
depofacies, but in the higher parasequences, the most distal setting is proximal delta front,
showing the highly progradational nature of this system (Figure 33). Kanayut was deposited in a
fluvial-dominated delta. Current ripples, low-angle troughs, geometries representing high lateral
avulsion and clinoformal bed sets are representative of this fluvial influence (Figure 30).
Kanayut’s thickest parasequence is PS7 at 86.5 and is dominantly a fluvial depofacies with the
lower depofacies in this parasequence being proximal delta front and distributary channels. The
thinnest parasequence is PS4 at 24.1 meters thick and contains prodelta and distal delta front
facies.
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Parasequences

Depositional Environments

PS1: 50 meters thick

DDF, PD, DDF

PS2: 59.5 meters thick

PD, DDF, PDF, MB, DC

PS3: 37.6 meters thick

MB, DC, CP

PS4: 24.1 meters thick

PD, DDF

PS5: 37.8 meters thick

PD, DDF, PDF, DC

PS6: 35 meters thick

DDF, PDF, DC

PS7: 86.2 meters thick

PDF, DC, Fl

Table 5: Kanayut parasequences with depositional facies identified. Depositional environments include the
following: distal delta front (DDF), proximal delta front (PDF), distributary channel (DC), mouthbar (MB),
coastal plain (CP), floodplain (FP), and fluvial (Fl).
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Figure 33: Kanayut parasequences with depositional facies color coded. Kanayut is approximately 330
meters thick, depositional facies blocks are not to scale.
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Figure 34: General outcrop picture from Kanayut, showing clinoformal beds. Stratigraphic up is to the left.

The calculated net to gross ratio for this outcrop is 66.54%, which is higher than what is
found at the Ninuluk Bluff locality. The fluvial sections were not accounted for in this
calculation, and cover was also assumed to be shale.
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3D Model
The model for Kanayut was made in Agisoft where the depositional facies and parasequence markers were identified and
marked (Figure 31 and 32). Parasequences are overall thicker at Kanayut then at Ninuluk Bluff with the thickest at each outcrop being
approximately 60 meters and approximately 35 meters. Overall, there is a coarsening up trend with the marine facies thinning and the
shallower facies thickening stratigraphically up. The distributary channels and interdistributary channels comprise 23.5% of the whole
section and 35.3% of the net to gross sands which are the assumed reservoir rock.

Figure 35: Agisoft photogrammetric model of Kanayut with picture and sample locations labeled, stratigraphic up is to the left
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Figure 36: Agisoft photogrammetric model of Kanayut, with depositional facies, parasequence markers, pictures and sample locations superimposed,
stratigraphic up is to the left. See Figure 33 for color legend.
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Rooftop Ridge
Measured Section
Rooftop Ridge is the most complete section at 740 meters thick with 14 parasequences
identified. This section is the most basinward (in relation to the Chukotkan orogeny) of the three
outcrops, but still falls along the axis of the system. The parasequences were characterized by
their depositional environments in Table 6. Rooftop represents a highly progradational system
with the lower parasequences representing a distal marine setting with two prodelta settings up to
21.6 meters thick and four distal delta front intervals up to 25.8 meters thick. Stacking Patterns
of parasequences (Figure 37). The upper parasequences are dominated by distributary channels,
floodplains and fluvial sections (Figure 33). Rooftop Ridges’ thickest parasequence is PS8 at
95.4 meters thick. It is relatively the most complete parasequence with the full range of
depofacies marching landward from prodelta facies to distributary channel facies. The thinnest
parasequence at Rooftop Ridge is PS2 at 17.1 meters thick and consists of proximal delta front
and distributary channels.
It has fluvial dominated processes with low angle troughs, wood pieces, current ripples
and rip up casts Figure 34). The net to gross ratio at Rooftop Ridge is 55.47. Rooftop Ridge is
the most complete section but has some structural deformation. Covered strata is assumed to be
shale.
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Parasequences

Depositional Environments

PS1: 80.6 meters thick

DDF, PDF, DC

PS2: 17.1 meters thick

PDF, DC

PS3: 36.5 meters thick

PDF, DC

PS4: 76.2 meters thick

PDF, MB

PS5: 44.7 meters thick

DDF, PDF, DC, PDF

PS6: 66.3 meters thick

DDF, PD, DDF, PDF, DC

PS7: 77 meters thick

PDF, MB, DC, FP

PS8: 95.4 meters thick

PD, DDF, PDF, DC, IDC, DC

PS9: 35 meters thick

PDF, DC

PS10: 55 meters thick

DDF, PDF, DC

PS11: 54.2 meters thick

MB, DC

PS12: 24.1 meters thick

MB, FP

PS13: 52.3 meters thick

DC, FP

PS14: 25.6 meters thick

DC

Table 6: Rooftop Ridge parasequences with depositional facies identified. Depositional environments
include the following: distal delta front (DDF), proximal delta front (PDF), distributary channel (DC),
mouthbar (MB), coastal plain (CP), floodplain (FP), and fluvial (Fl).
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Figure 37: Rooftop Ridge parasequences with depositional facies color coded. Rooftop Ridge is
approximately 740 meters thick, depositional facies blocks are not to scale.

Figure 38: Floodplain section in the uppermost parasequence at Rooftop Ridge.
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Figure 39: A: Picture RR40, (Rooftop Ridge, Figure 40), of low-angle trough cross bedding. B: Picture
RR50a, from Rooftop Ridge, showing wood chunks.

3D Model
The models were created in Agisoft and the depositional facies and parasequences were
identified and marked (Figure 35 and 36). The parasequences at Rooftop Ridge represent and
overall coarsening up highly progradational system with distributary channels ranging from 4.5 8.5 meters in the lower parasequences to 10 – 43.3 meters thick in the upper parasequences.
Distributary channels and interdistributary channels comprise approximately 20.36 % of the
entire outcrop and approximately 33.7 % of the overall net to gross sands which are the assumed
reservoir rock.
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Figure 40: Agisoft photogrammetric model of Rooftop Ridge with picture and sample locations labeled.
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Figure 41: Agisoft photogrammetric model of Rooftop Ridge, with depositional facies, parasequence markers, pictures and sample locations
superimposed.
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BROOKS RANGE PROVENANCE
Chromite trends indicate Brooks Range influence with the presence of an ophiolite. The
presence of chromite in all the outcrops is distinct and is indicative of Brookian sediment input.
Specifically, at Tuktu Bluff, there is an increased amount of chromite found in the thin sections
(Figure 37). This posed a new question about deposition specifically at Tuktu Bluff. Chromite
averages increase from 0.01 % from Ninuluk Bluff to 0.06 % at Tuktu Bluff indicating a local
sediment input between Ninuluk Bluff and Tuktu Bluff. Averages in chromite decrease from
0.06 % to 0.01 % from Tuktu Bluff to Kanayut, Rooftop Ridge, and Arc Mountain respectively.
The distance from Tuktu Bluff to Kanayut is approximately 50 kilometers. The Chukotka is over
500 kilometers away, with a chromite decrease in 0.05 % over 50 kilometers, it is unlikely that
chromite was soured from the Chukotka rather than a closer local sediment source such as the
Brooks Range.
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Figure 42: Sample T-3-9 from Tuktu Bluff showing a relative increase in chromite at Tuktu Bluff at 0.11 %,
which is shown as olive green.

The relative abundance of biotite should decrease in a system with increasing distance
from the source. However, in this system, the opposite is found to be true with biotite increasing
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basinward. There are relative increases in amounts of biotite at Tuktu Bluff with a mean of 6.40
% compared to Ninuluk Bluff with a mean of 2.45 %, and at Rooftop Ridge, and Arc Mountain
with respective means of 4.18 % and 4.08 %, compared to Kanayut with a mean of 3.33 %
(Figure 38). This supports the hypothesis that there are additional sediment inputs at Tuku and
after Kanayut but before Rooftop Ridge and Arc Mountain.

Figure 43: Area of interest map modified from LePain et al., 2009. Average biotite values from samples for
each outcrop are located above respective outcrop locations. Brown contour lines indicate average biotite
values with the black arrows indicating paleocurrents from Lease et al., 2014.

Comparison of quartz, feldspars and lithics (QFL) across the outcrops shows immature
sandstones moving basinward. (Figure 39). This is interpreted to indicate additional sediment
input from the Brooks Range as typically sandstones would mature the more distal from the main
source. This is consistent with chromite and biotite trends as there are increases in both of those
minerals as the sediment travelled basinward.
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Figure 44: (A) Sample T-3-1 from a distributary channel in Tuktu Bluff showing high lithic content with low
quartz content representing an immature sandstone. (B) Sample N-03 from a distributary channel in Ninuluk
Bluff showing high quartz content representing a more mature sandstone.

Rooftop Ridge and Arc Mountain have sandstones that are less mature compared to Ninuluk
Bluff and Kanayut (Figure 40). Ninuluk Bluff has the suite of most mature samples with a quartz
average of 66.47 %. Kanayut has the second most mature suite of samples with a quartz average
of 64.92 %. The most immature suite of samples come from Rooftop Ridge with an average of
57.28 %. Rooftop Ridge and Arc Mountain fall in the middle with quartz averages of 60.71 %
and 60.89 % respectively. This indicates that there could be an additional sediment input
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eastward/basinward of Kanayut and before Rooftop Ridge and Arc Mountain. The quartz,
feldspars, and lithics averages and pie charts excluded five samples due to depositional biases
and diagenetic alteration (Figure 41). To ensure trends were based on spatial patterns rather than
depositional patterns, Figure 47 was created to show QFL trends by depositional facies.

Figure 45: Area of interest map modified from LePain et al., 2009. Average quartz values from samples for
each outcrop are located above respective outcrop locations in quartz, feldspars, and lithics pie charts.
Brown contour lines indicate average quartz values with the black arrows indicating paleocurrents from
Lease et al., 2014.
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Figure 46: Quartz, feldspars, and lithics diagram showing the samples excluded to calculate quartz
averages and contours.
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Figure 47: Quartz, feldspars, and lithics diagram showing the samples color coded by depositional facies.

A new sediment input from the Brooks Range is proposed that traveled through Tuktu
Bluff and was deposited into the main system. Paleocurrents are consistent with flow in the
Northern direction from the Brooks Range to the main system (Lease et al., 2022; Moore et al.,
2014).
With this updated depositional model, it was concluded that there were at least two
Brookian sediment inputs (Figure 42). Ninuluk Bluff contains chromite and biotite, but in
smaller amounts compared to Tuktu Bluff. The first Brookian sediment input had to have
occurred relatively more proximal to the Chukotka than Ninuluk Bluff. Ninuluk Bluff did not
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have a direct input from the Brooks Range but rather the sediment entered the main system and
had time to erode before deposition at Ninuluk Bluff which explains the smaller amounts of
chromite and biotite at Ninuluk Bluff.

Figure 48: Cretaceous depositional model superimposed on modern Alaska with sediment input from the
Chukotka and Brooks Range. Brooks Range extent marked by topography from paleo Brooks Range from
Blakey, 2021.

The second Brookian input occurred proximal to the Tuktu Bluff locality. The elevated
amounts of chromite and biotite, along with north trending paleocurrents normal to the Brooks
Range and perpendicular to the axial trend of the basin (Lease et al., 2022; Moore et al., 2014)
indicate that Tuktu Bluff is strongly influenced by sediment input from the Brooks Range
relative to other studied outcrops. Rooftop Ridge and Arc Mountain had relatively higher
amounts of biotite and relatively less mature sands than Kanayut but had consistent amounts of
chromite as Ninuluk Bluff with an average of 0.1 percent at all outcrops excluding Tuktu Bluff
(Figure 43). Therefore, it cannot be concluded whether another sediment input occurred after
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Tuktu Bluff as the maturity and biotite values could be due to a depositional environment bias or
that chromite is a heavier mineral and remains closer to the source. Further analysis will need to
be performed to determine if there is an additional sediment input eastward/basinward of
Kanayut. A Brooks Range source does have considerable influence on overall sandstone
maturity creating less mature sands, which commonly has low reservoir quality.

Figure 49: Area of interest map modified from LePain et al., 2009. Average chromite values from samples
for each outcrop are located above respective outcrop locations.

FACIES ARCHITECTURE
Ninuluk Bluff, Kanayut, and Rooftop Ridge all exhibit fluvial dominate deltaic processes
which helps improve our understanding the Nanushuk as a reservoir rock and the challenges with
predicting the facies away from outcrop control. The most challenging facies to predict of the
fluvial system are the distributary channels which comprise significant portions of the outcrop
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and net to gross ratio which is the assumed reservoir rock. Due to time transgressive nature of the
Nanushuk Fm and its rapid progradational behavior, the outcrops to the East, Kanayut and
Rooftop Ridge, have better developed parasequences with a greater net to gross ratio than
Ninuluk Bluff.
Ninuluk Bluff is the most incomplete and proximal section of the Nanushuk among the
five outcrops at 238.2 meters thick. It does not appear to be as rapidly prograding compared to
Kanayut and Rooftop. Ninuluk Bluff has no prodelta sections in the ten parasequences and is in
the upper section of the Nanushuk. It has fluvial dominated deltaic sedimentary structures with
low angle trough cross bedding, pebble lags and current ripples. The net to gross for Ninuluk
Bluff is 38.69 % which is significantly lower than both Kanayut and Rooftop. At Kanayut and
Rooftop the distributary and interdistributary channels are well developed and thick at 26 meters
and 43.3 meters, respectively. Ninuluk Bluffs’ thickest distributary channel is approximately six
meters. The Nanushuk is time transgressive and outcrops to the West are younger than outcrops
to the East (Lease et al., 2022). While looking at different trends in the basins, other authors have
found the Nanushuk to change thickness and thins to the North, so it is not uncommon for
Nanushuk thickness to vary spatially (Lepain et al., 2009) At Ninuluk Bluff, there was less
accommodation during Nanushuk deposition. Ninuluk Bluffs’ low net to gross could be
explained due to relative increase in accommodation as the load of the Brooks Range thrust front
expanded northward increasing causing flexural subsidence in the Colville Basin during the
Early Cretaceous (Nunn et al., 1987). Provenance data also shows coarser sediment input from
the Brooks Range at the outcrops eastward of Ninuluk Bluff which along with the flexural
subsidence is contributing to the increase in net to gross in the outcrops eastward of Ninuluk
Bluff.
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Kanayut is the second thickest outcrop at 330.2 meters thick, with seven parasequences,
and is more eastward than Ninuluk Bluff but not as eastward as Rooftop. Kanayut has more
consistently developed parasequences than Ninuluk Bluff with an overall development of
parasequences to a distributary channel before a flooding event. It has fluvial dominated deltaic
sedimentary structures with low angle trough cross bedding, current ripples, and clinoformal bed
sets. The net to gross at Kanayut is 66.54 % and has well developed distributary channel
complexes up to 26 meters thick. Kanayut is on the same trend as Arc Mountain, which was
deposited in a wave dominated delta. Arc mainly consisted of the lower section of the Nanushuk
and was deposited in a wave dominated delta, whereas Kanayut is higher up in the section. While
looking at both a transition can be seen in the upper sections of Arc to a more fluvial dominated
system and at Kanayut which consists of the upper section the fluvial dominated system is seen
throughout. Looking at both these outcrops together gives a more complete section of the
Nanushuk Formation.
Rooftop Ridge is the most complete section out of the three outcrops at 740 meters thick,
with 14 parasequences, and is the most eastward section of the three. Rooftop has well developed
parasequences similar to Kanayut that develop to distributary channels before a flooding event.
Rooftop was deposited in a fluvial dominated delta with sedimentary structures that include the
following: low angle trough cross bedding, wood pieces, current ripples, and rip up casts. The
net to gross in this outcrop is 55.47 % and has the most developed distributary channel
complexes up to 43.3 meters in thickness. Rooftop Ridge shows the most complete picture in one
outcrop of the highly prograding system from lower marine parasequences with two prodelta
sections to upper shallower parasequences with thick distributary channels and two floodplain
sections.
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Parasequences vary amongst outcrops, but the overall trend is highly prograding.
Parasequences shift to more landward facies higher up within the parasequences and higher up
throughout the section. Figure 50 shows a correlation panel of parasequences and depositional
facies from Ninuluk Bluff to Kanayut to Rooftop Ridge, Moving more proximal to distal
respectively. From this, the highly prograding nature can be seen with parasequences being
capped by more landward flooding surfaces marking the abrupt change from proximal facies to
distal facies throughout the section. The dashed line in Figure 50 marks a potential major
flooding event and separates two parasequence sets. At Ninuluk Bluff, Kanayut, and Rooftop
Ridge, the potential major flooding surface occurs on top of PS4, PS3 and PS7 respectively.
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Figure 50: From left to right: Ninuluk Bluff, Kanayut and Rooftop Ridge parasequences with depositional
facies color coded. Depositional facies blocks are not to scale. Dashed parasequence set boundary line
marks a potential major flooding event correlated amongst the three outcrops.
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Conclusion
While most of the sediment that makes up the Nanushuk Formation within the Colville
Basin is sourced from the Chukotkan orogeny, an important component of the sediment fill
comes from the incipient Brooks Range based on elevated chromite and biotite trends and
maturity trends that represent a suite of immature sandstones. This has negative implications for
both textural and compositional maturity within the Nanushuk sandstones as a reservoir.
Provenance work suggesting Brookian sediment input during the Albian-Cenomanian also has
implications for tectonic reconstruction of the area and helps constrain the timing of uplift along
the Brooks Range to pre or contemporaneous with Nanushuk deposition.
Deltaic influence indicates a more complex facies distribution and architecture than that
of a shoreface system and has a negative influence on reservoir geometries and subsurface
predictions. Two anticlinal trends were exposed, one closer to the margin and one closer to the
axis of the syncline. The outcrops further from the Brooks and closer to the center of the
anticline show more fluvial dominance and include Ninuluk Bluff, Kanayut, and Rooftop Ridge
It is interpreted that Chukotkan channels found the most accommodation there and were attracted
to the axial part of the basin. The fluvial dominated outcrops, Ninuluk Bluff, Kanayut, and
Rooftop Ridge, have coarser sediment, due to the lack of marine mud influence, but exhibit more
complex reservoir geometries with laterally avulsing channels in a rapidly prograding system and
higher net to gross ratios in the fluvial dominated systems. Kanayut, Rooftop Ridge, Ninuluk
Bluff have net to gross ratios of 66.54, 55.47, and 38.69 respectively. Tuktu Bluff is the only
other relatively complete section similar to Rooftop and has a net to gross of 62.73. Arc
Mountain is relatively incomplete but is also more marine influenced with an environment of a
wave dominated delta. Arc Mountain has a net to gross of 29.303. The trend seen with net to
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gross amongst these five outcrops is that the fluvial dominated deltas have a higher calculated
net to gross ratio.
Provenance work a facies architecture indicates sediment influence from the Brooks
Range has control on reservoir quality and is thus negatively impacting the Nanushuk as a
reservoir target when in close proximity to the Brooks Range. The northern outcrops are much
more marginal which can lead to potentially lower net to gross and less channelization.
This is an important analog for other deltaic systems. We learned about the spatial trends
of rapidly prograding delta and about the consequences of secondary sediment input and how
both affect the deltas’ ability to develop mature sands. We also learned to constrain the timing of
the Brooks Range, the major mountain range on the North Slope, and how strata within the
Colville Basin, specifically the Nanushuk was deposited due to the complex geologic history of
Alaska. This means better exploration discoveries for ConocoPhillips. Further work could lead to
an even better understanding of the important relationship between science and energy
development.
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Appendix A
Ninuluk
Ninuluk Bluff: 251.2 meters thick, parasequences are identified as PSx with flooding surfaces capping the
parasequence.
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Kanayut
Kanayut: 330.2 meters thick, parasequences are identified as PSx with flooding surfaces capping the parasequence.
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Rooftop Ridge
Rooftop Ridge: 740 meters thick, parasequences are identified as PSx with flooding surfaces capping the
parasequence.
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Appendix B
Arc Mountain Thin Sections with Depositional Environments
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Rooftop Ridge Thin Sections with Depositional Environments
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Kanayut Thin Sections with Depositional Environments
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K-04 is an intrusion.
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Tuktu Bluff Thin Sections with Depositional Environments
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Ninuluk Bluff Thin Sections with Depositional Environments
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N-07 has been diagenetically altered
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